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(57) ABSTRACT

A chip package including a first substrate 1s provided. The
first substrate includes a sensing device. A second substrate
1s attached onto the first substrate and includes an integrated
circuit device. A first conductive structure 1s electrically
connected to the sensing device and the integrated circuit
device through a redistribution layer disposed on the first
substrate. An insulating layer covers the first substrate, the
second substrate and the redistribution layer. The insulating
layer has a hole therein and a second conductive structure 1s
disposed under the bottom of the hole. A method for forming
the chip package 1s also provided.
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CHIP PACKAGE AND METHOD FOR
FORMING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This Application 1s based on, and claims priority of
Tarwan Patent Application No. 103116670, filed on May 12,
2014, and priority of Taiwan Patent Application No.

104112639, filed on Apr. 21, 2015, the entirety of which 1s
incorporated by reference herein.

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to chip package technology, and in

particular to a chuip package and methods for forming the
same.

Description of the Related Art

The chip packaging process 1s an important step in the
tabrication of an electronic product. Chip packages not only
protect the chips therein from outer environmental contami-
nants, but they also provide electrical connection paths
between the electronic elements inside and those outside of
the chip packages.

In general, chip packages having a sensing function and
other integrated circuit chips are separately and indepen-
dently disposed on a printed circuit board and are electri-
cally connected to each other through wires.

However, the size of the printed circuit board 1s limited by
this fabrication process. As a result, 1t 1s diflicult to further
decrease the size of the electronic products made therefrom.

Thus, there exists a need in the art for development of a
chip package and methods for forming the same capable of
mitigating or eliminating the aforementioned problems.

BRIEF SUMMARY OF THE INVENTION

An embodiment of the mvention provides a chip package
comprising a first substrate. The first substrate comprises a
sensing device. A second substrate 1s attached onto the first
substrate, wherein the second substrate comprises an inte-
grated circuit device. A first conducting structure 1s electri-
cally connected to the sensing device and the integrated
circuit device through a redistribution layer disposed on the
first substrate. An 1nsulating layer covers the first substrate,
the second substrate and the redistribution layer, wherein the
insulating layer has a hole therein. A second conducting
structure 1s disposed under the bottom of the hole.

An embodiment of the invention provides a method for
forming a chip package comprising providing a first sub-
strate, wherein the first substrate comprises a sensing device.
A second substrate 1s attached onto the first substrate,
wherein the second substrate comprises an integrated circuit
device. A first conducting structure 1s formed to electrically
connect to the sensing device and the integrated circuit
device through a redistribution layer located on the first
substrate. A second conducting structure and an insulating
layer are formed. The sulating layer covers the first
substrate, the second substrate and the redistribution layer,
and the insulating layer has a hole therein. The second
conducting structure 1s located under the bottom of the hole.

A detailed description 1s given 1n the following embodi-
ments with reference to the accompanying drawings.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by
reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:

FIGS. 1A to 1F are cross-sectional views of an exemplary
embodiment of a method for forming a chip package accord-
ing to the mvention.

FIG. 2 1s a top view of an exemplary embodiment of a
chip package according to the invention.

FIGS. 3A and 3B are a cross-sectional view and a top
view ol another exemplary embodiment of a chip package
according to the mvention.

FIGS. 4A and 4B are a cross-sectional view and a top
view of yet another exemplary embodiment of a chip
package according to the invention.

FIGS. 5A to 5F are cross-sectional views of another
exemplary embodiment of a method for forming a chip
package according to the invention.

FIG. 6 1s a cross-sectional view of yet another exemplary
embodiment of a chip package according to the invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

The making and using of the embodiments of the present
disclosure are discussed 1n detail below. However, 1t should
be noted that the embodiments provide many applicable
inventive concepts that can be embodied 1 a variety of
specific methods. The specific embodiments discussed are
merely 1llustrative of specific methods to make and use the
embodiments, and do not limit the scope of the disclosure.
The disclosed contents of the present disclosure include all
the embodiments derived from claims of the present disclo-
sure by those skilled 1n the art. In addition, the present
disclosure may repeat reference numbers and/or letters in the
various embodiments. This repetition 1s for the purpose of
simplicity and clarity, and does not imply any relationship
between the different embodiments and/or configurations
discussed. Furthermore, when a first layer 1s referred to as
being on or overlying a second layer, the first layer may be
in direct contact with the second layer, or spaced apart from
the second layer by one or more material layers.

A chip package according to an embodiment of the
present mvention may be used to package micro-electro-
mechanical system chips. However, embodiments of the
invention are not limited thereto. For example, the chip
package of the embodiments of the invention may be
implemented to package active or passive devices or elec-
tronic components ol integrated circuits, such as digital or
analog circuits. For example, the chip package is related to
optoelectronic devices, micro-electro-mechanical systems
(MEMS), biometric devices, microfluidic systems, and
physical sensors measuring changes to physical quantities
such as heat, light, capacitance, pressure, and so on. In
particular, a waler-level package (WSP) process may
optionally be used to package semiconductor chips, such as
image-sensor elements, light-emitting diodes (LEDs), solar
cells, RF circuits, accelerators, gyroscopes, fingerprint-rec-
ognition devices, microactuators, surface acoustic wave
devices, pressure sensors, ink printer heads, and so on.

The above-mentioned wafer-level packaging process
mainly means that after the packaging step 1s accomplished
during the water stage, the water with chips 1s cut to obtain
individual packages. However, 1n a specific embodiment,
separated semiconductor chips may be redistributed on a
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carrier waler and then packaged, which may also be referred
to as a waler-level packaging process. In addition, the
above-mentioned wafer-level packaging process may also
be adapted to form a chip package having multilayer inte-
grated circuit devices by stacking a plurality of walers
having integrated circuits or to form a system-in-package
(SIP).

A cross-sectional view and a top view of an exemplary
embodiment of a chip package according to the mmvention
are 1llustrated in FIGS. 1F and 2, wherein FIG. 1F 1s a
cross-sectional view along the line I-I' in FIG. 2. In the
embodiment, the chip package comprises a first substrate
100, a second substrate 300, and a plurality of first conduct-
ing structures 340. The first substrate 100 has a first surface
100a and a second surface 1005 opposite to the first surface
100a. In one embodiment, the first substrate 100 may be a
silicon substrate or another semiconductor substrate.

In the embodiment, the first substrate 100 comprises a
sensing device 160 and one or more conducting pads 140.
The sensing device 160 and the conducting pads 140 may be
adjacent to the first surface 100a of the first substrate 100.
In one embodiment, the conducting pads 140 may be a
single conducting layer or comprise multiple conducting
layers. To simplify the diagram, only six conducting pads
140 comprising a single conducting layer are depicted 1n
FIGS. 1F and 2 as an example. In the embodiment, the first
substrate 100 further comprises a plurality of first openings
220. The first openings 220 extend from the second surface
1006 towards the first surtace 100a and correspondingly
expose the conducting pads 140.

In one embodiment, the sensing device 160 comprises an
image-sensing element, such as a complementary metal-
oxide-semiconductor 1image sensor (CIS) element, and an
optical element 175 1s disposed on the first surface 100a and
corresponds to the sensing device 160. The optical element
175 may comprise color filters and micro-lens or another
suitable optical element. In another embodiment, the sensing
device 160 i1s configured to sense biometrics, and may
comprise a fingerprint-recognition element. In yet another
embodiment, the sensing device 160 1s configured to sense
environmental characteristics, and may comprise a tempera-
ture-sensing element, a humidity-sensing element, a pres-
sure-sensing element, a capacitance-sensing element, or
another suitable sensing element. In one embodiment, the
sensing element 1n the sensing device 160 may be electri-
cally connected to the conducting pads 140 through an
interconnection structure which may comprise dielectric
layers, contacts, metal wires and vias (not shown) 1n the first
substrate 100. To simplity the diagram, dotted lines 170 are
used herein to depict interconnection structures between the
sensing device 160 and the conducting pads 140.

A cover plate 200 1s attached on the first surface 100q of
the first substrate 100 through a spacer layer (or dam) 180.
The spacer layer 180 covers the conducting pads 140 and
exposes the sensing device 160 and the optical element 175.
The cover plate 200 protects the exposed sensing device 160
and optical element 175.

In an embodiment, the spacer layer 180 does not substan-
tially absorb moisture. In an embodiment, the spacer layer
180 may be non-adhesive, and the cover plate 200 1s
attached on the first substrate 100 through the spacer layer
180 and an additional adhesive layer. In another embodi-
ment, the spacer layer 180 may itself be adhesive and may
contact none of adhesion glue, thereby assuring that the
spacer layer 180 will not move due to the disposition of the
adhesion glue. Furthermore, since the adhesion glue i1s not
needed, the sensing device 160 can be prevented from being,
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contaminated by an overflow of the adhesion glue. In the
embodiment, the spacer layer 180 may comprise epoxy
resin, inorganic materials (such as silicon oxide, silicon
nitride, silicon oxynitride, metal oxide or a combination
thereol), organic polymer materials (such as polyimide,
butylcyclobutene (BCB), parylene, polynaphthalenes, fluo-
rocarbons or acrylates), a photoresist material or another
suitable mnsulating material. Moreover, the cover plate 200
may comprise glass, sapphire or another suitable protective
material.

An 1nsulating layer 240 1s conformally disposed on the
second surface 1005 of the first substrate 100, extends 1nto
the first openings 220 1n the first substrate 100, and exposes
a portion of each conducting pad 140. In the embodiment,
the insulating layer 240 may comprise epoxy resin, 1nor-
ganic materials (such as silicon oxide, silicon nitride, silicon
oxynitride, metal oxide or a combination thereof), organic
polymer maternials (such as polyimide, butylcyclobutene,
parylene, polynaphthalenes, fluorocarbons or acrylates) or

another suitable insulating material.

A patterned redistribution layer (RDL) 260 1s disposed on
the insulating layer 240 and conformally extends to the
sidewalls and the bottoms of the first openings 220. The
redistribution layer 260 1s electrically connected to the
conducting pads 140 by directly or indirectly contacting the
exposed conducting pads 140 through the first opemings 220.
The redistribution layer 260 1s electrically 1solated from the
first substrate 100 by the insulating layer 240. As a result, the
redistribution layer 260 in the first opening 220 1s also
referred to as a through silicon via (TSV). In one embodi-
ment, the redistribution layer 260 may comprise copper,
aluminum, gold, platinum, nickel, tin, a combination
thereof, a conductive polymer material, a conductive
ceramic material (such as indium tin oxide or indium zinc
oxide), or another suitable conductive material.

In another embodiment, the first openings 220 may at
least penetrate the conducting pads 140, such that the
redistribution layer 260 may directly contact the inner of the
conducting pads 140. This redistribution layer 260 electri-
cally connected to the conducting pads 140 1s referred to as
a ring-contact.

The second substrate 300 may be attached onto the
insulating layer 240 on the second surface 1005 through an
adhesive layer, such as adhesive glue, 280. In the embodi-
ment, the second substrate 300 comprises an integrated
circuit device 310. Moreover, the itegrated circuit device
310 may comprise a signal processor, such as an image
signal processor (ISP) or another application-specific inte-
grated circuit (ASIC).

In the embodiment, the second substrate 300 may com-
prise one or more conducting pads 320. The conducting pads
320 may be adjacent to the upper surface of the second
substrate 300 (1.e. the surface opposite to the second surface
10056). Stmilarly, the conducting pads 320 may be a single
conducting layer or comprise multiple conducting layers. To
simplily the diagram, only a single conducting layer 1s
depicted herein as an example. In one embodiment, the
conducting pads 320 may be electrically connected to the
integrated circuit element 1n the integrated circuit device 310
through an interconnection structure 1n the second substrate
300. To simplify the diagram, dotted lines 330 are used
herein to depict interconnection structures between the inte-
grated circuit device 310 and the conducting pads 320.

In the embodiment, the size of the first substrate 100 1s
greater than that of the second substrate 300. Moreover,
when the size of the first substrate 100 1s large enough, more
than one second substrate 300, each having different inte-
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grated circuit functions, can be disposed on the second
surface 10056 of the first substrate 100. In the embodiment,
the second substrate 300 completely vertically overlaps the
sensing device 160 of the first substrate 100. In other
embodiments, the second substrate 300 may partially verti-
cally overlap the sensing device 160 of the first substrate 100
or may not vertically overlap the sensing device 160 of the
first substrate 100.

The first conducting structures 340 are correspondingly
disposed on the redistribution layer 260 and the conducting
pads 140. The first conducting structures 340 are electrically
connected to the sensing device 160 through the redistribu-
tion layer 260 and the conducting pads 140, and are elec-
trically connected to the integrated circuit device 310
through the conducting pads 320. Therefore, the first con-
ducting structures 340 electrically connect the sensing
device 160 to the integrated circuit device 310. In one
embodiment, each of the first conducting structures 340 is
formed of a bonding ball on the conducting pad 320 and a
wire extending from the bonding ball to the redistribution
layer 260. Moreover, the first conducting structures 340 may
comprise gold or another suitable conductive material.

In the embodiment, the chip package further comprises a
plurality of second conducting structures 360, an nsulating,
layer 400, a patterned metal layer 440, a passivation layer
460 and a plurality of third conducting structures 500
disposed on the second surface 10056 of the first substrate
100. The second conducting structures 360 are correspond-
ingly disposed on the redistribution layer 260 and are
clectrically connected to the corresponding conducting pads
140. In the embodiment, each of the second conducting
structures 360 1s formed of a bonding ball and may comprise
gold or another suitable conductive material. In one embodi-
ment, the material of the second conducting structures 360
1s the same as the material of the first conducting structures
340.

The 1nsulating layer 400 covers the second substrate 300,
the insulating layer 240, the redistribution layer 260, and the
first conducting structures 340. The msulating layer 400 has
a plurality of holes 420 exposing the corresponding second
conducting structures 360. Namely, the second conducting
structures 360 are disposed under the bottoms of the holes
420. In the embodiment, the insulating layer 400 does not fill
in the first openings 220 of the first substrate 100. In other
embodiments, the insulating layer 400 may partially or fully
{11l the first openings 220 of the first substrate 100. In the
embodiment, the nsulating layer 400 may comprise epoxy
resin, inorganic materials (such as silicon oxide, silicon
nitride, silicon oxynitride, metal oxide or a combination
thereol), organic polymer materials (such as polyimide,
butylcyclobutene, parylene, polynaphthalenes, fluorocar-
bons or acrylates) or another suitable msulating material.

The patterned metal layer 440 1s disposed on the msulat-
ing layer 400 and fills the holes 420 1n the nsulating layer
400 so as to be electrically connected to the exposed second
conducting structures 360 through the holes 420. In one
embodiment, the metal layer 440 tully fills the holes 420 1n
the 1nsulating layer 400. In other embodiments, the metal
layer 440 may be conformally disposed on the sidewalls and
the bottoms of the holes 420 without fully filling the holes
420 1n the nsulating layer 400. In one embodiment, the
metal layer 440 may comprise copper, aluminum, gold,
platinum, nickel, tin, a combination thereol or another
suitable conductive material.

The passivation layer 460 1s disposed on the metal layer
440 and the insulating layer 400 and has a plurality of
second openings 480 exposing portions of the metal layer
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440 on the insulating layer 400. In the embodiment, the
passivation layer 460 may comprise epoxy resin, solder
mask, iorganic materials (such as silicon oxide, silicon
nitride, silicon oxynitride, metal oxide or a combination
thereol), organic polymer matenals (such as polyimide,
butylcyclobutene, parylene, polynaphthalenes, fluorocar-
bons or acrylates), a photoresist material or another suitable
insulating material.

The third conducting structures 500 are correspondingly

disposed 1n the second openings 480 of the passivation layer
460. The third conducting structures 500 directly contact the
exposed metal layer 440 and are electrically connected
thereto. In the embodiment, the third conducting structures
500 do not overlap the second substrate 300, as shown 1n
FIG. 2. In another embodiment, the third conducting struc-
tures 500 may overlap the second substrate 300. In other
embodiments, the third conducting structures 500 may be
arranged 1n an array so as to provide stable bonding 1n the
subsequent process. It should be realized that the positions
of the first conducting structures 340, the second conducting
structures 360 and the third conducting structures 500 are
determined by design requirements and they are not limited
thereto.

In the embodiment, each of the third conducting struc-
tures 500 1s a bump, such as a bonding ball or a conducting
pillar, or may be another suitable conducting structure. The
third conducting structure 500 may comprise tin, lead,
copper, gold, nickel, a combination thereof or another suit-
able conductive material. For example, the third conducting
structure 500 may be a solder ball. In the embodiment, the
second conducting structures 360 and the third conducting
structures 300 are bonding balls and the size of the third
conducting structures 300 i1s greater than the size of the
second conducting structures 360. In one embodiment, the
material of the third conducting structures 500 1s diflerent
from the material of the second conducting structures 360.

A cross-sectional view and a top view of another exem-
plary embodiment of a chip package according to the
invention are 1illustrated in FIGS. 3A and 3B, wherein
clements 1n FIGS. 3A and 3B that are the same as those 1n
FIGS. 1F and 2 are labeled with the same reference numbers
as 1n FIGS. 1F and 2 and are not described again for brevity.
The chip package structure shown in FIGS. 3A and 3B is
similar to that shown 1in FIGS. 1F and 2. In FIG. 1F, both two
second conducting structures 360 are disposed on the first
substrate 100 as viewed from a cross-sectional view per-
spective. The two second conducting structures 360 are
correspondingly electrically connected to the two conduct-
ing pads 320 through the redistribution layer 260 and the
first conducting structures 340. In FIG. 3A, one second
conducting structure 360 1s disposed on the {first substrate
100 and 1s electrically connected to the corresponding
conducting pad 320 through the redistribution layer 260 and
the first conducting structure 340. The other second con-
ducting structure 360 1s disposed on the second substrate
300 and directly on the corresponding conducting pad 320
so as to be directly or indirectly electrically connected to the
corresponding conducting pad 320. Therefore, one of the
holes 420 exposing the second conducting structures 360
vertically overlaps one of the conducting pads 320. In other
embodiments, more than one second conducting structures
360 are disposed on the second substrate 300 and all directly
on the corresponding conducting pads 320 so as to be
clectrically connected thereto. Therefore, more than one of
the holes 420 exposing the second conducting structures 360
vertically overlap more than one of the conducting pads 320.
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Moreover, as viewed from a top view perspective, all of
the second conducting structures 360 1n FIG. 2 are disposed
outside of the second substrate 300. In FIG. 3, some of the
second conducting structures 360 are disposed outside of the
second substrate 300 while other second conducting struc-
tures 360 arc disposed on the second substrate 300 and
vertically overlap the second substrate 300. In other embodi-
ments, all of the second conducting structures 360 may be
disposed on the second substrate 300 and vertically overlap
the second substrate 300.

A cross-sectional view and a top view of yet another
exemplary embodiment of a chip package according to the
invention are illustrated in FIGS. 4A and 4B, wherein
clements 1mn FIGS. 4A and 4B that are the same as those 1n
FIGS. 1F and 2 are labeled with the same reference numbers
as 1n FIGS. 1F and 2 and are not described again for brevity.
The chip package structure shown in FIGS. 4A and 4B 1s
similar to that shown in FIGS. 1F and 2. In FIG. 1F, the
second substrate 300 1s attached onto the second surface
10056 of the first substrate 100 through the adhesive layer 280
as viewed from a cross-sectional view perspective. As a
result, the conducting pads 320 face away from the second
surface 1005 of the first substrate 100. The first conducting
structures 340 are disposed on the conducting pads 320 and
correspondingly extend onto the redistribution layer 260. In
this case, the first conducting structures 340 are formed of a
bonding ball and a wire. In FIG. 4A, the redistribution layer
260 further extends between the second substrate 300 and
the second surface 1004 of the first substrate 100, and the
second substrate 300 1s bonded to the redistribution layer
260 through the first conducting structures 340. As a resullt,
the conducting pads 320 face the second surface 1005 of the
first substrate 100. In this case, the first conducting struc-
tures 340 are bumps, such as bonding balls or conducting,
pillars. In one embodiment, the first conducting structures
340, the second conducting structures 360 and the third
conducting structures 500 are bonding balls. Moreover, the
s1ze o the second conducting structures 360 1s less than the
s1ze of the third conducting structures 500 and greater than
the size of the first conducting structures 340.

Moreover, as viewed from a top view perspective, the
redistribution layer 260 1n FIG. 2 1s disposed outside of the
second substrate 300. The first conducting structures 340 are
disposed on the second substrate 300 and extend onto the
redistribution layer 260. In FIG. 4B, the redistribution layer
260 extends under the second substrate 300. The first
conducting structures 340 are disposed under the second
substrate 300 and completely vertically overlap the second
substrate 300. It should be realized that the positions of the
redistribution layer 260, the first conducting structures 340,
the second conducting structures 360, and the third conduct-
ing structures 500 are shown 1n figures as an example. They
are determined by design requirements and are not limited
thereto.

A chip package having a sensing function usually com-
prises a sensing device and conducting pads on the active
surface of the chip package. The sensing device on the active
surface needs to be prevented from being covered. Electrical
connection paths cannot be formed between the active
surface and the opposite inactive surface by a wire bonding
process. Therefore, chip packages having a sensing function
and other integrated circuit chips are separately and 1nde-
pendently disposed on a printed circuit board and are
clectrically connected to each other through wires.

According to the aforementioned embodiments, TSVs
formed of the redistribution layer 260 are electrically con-
nected to the conducting pads 140 and the sensing device
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160. The second substrate 300 1s disposed on the second
surface 1006 of the first substrate 100, such that the sensing
device 160 adjacent to the first surface 100a of the first
substrate 100 can be prevented from being covered. The
sensing device 160 1n the first substrate 100 can be electri-
cally connected to the integrated circuit device 310 1n the
second substrate 300 through the first conducting structures,
such as wires, 340. Therefore, according to the embodi-
ments, one sensing device and one or more than one
integrated circuit devices can be integrated 1n the same chip
package. As a result, the size of the printed circuit board,
which 1s subsequently bonded to the chip package, can be
reduced, thereby further decreasing the size of the electronic
products made using the chip package having a sensing
function.

Chip packages comprising a front side illumination (FSI)
image-sensing element are shown in FIGS. 1F, 2, 3A, 3B,
4A and 4B as examples. However, the mvention can be
implemented in other chip packages, such as chip packages
comprising back side 1llumination (BSI) image-sensing ele-
ments or other chip packages having different functions.

For example, the chip package structures shown in FIGS.
SF and 6 are similar to those shown in FIGS. 4A and 3A,
respectively. The difference therebetween i1s that the chip
packages shown 1 FIGS. 5F and 6 comprise a BSI image-
sensing element while the chip packages shown in FIGS. 4A
and 3A comprise an FSI image-sensing element. Elements 1n
FIGS. 5F and 6 that are the same as those in FIGS. 4A and
3 A are labeled with the same reference numbers as 1n FIGS.
4A and 3 A and are not described again for brevity. In FIGS.
S5F and 6, the first substrate 100 does not comprise {first
openings 220. The redistribution layer 260, the second

substrate 300 and the msulating layer 400 are disposed on
the first surface 100a of the first substrate 100. The optical
clement 175 1s disposed on the second surface 10056 of the
first substrate 100 and the cover plate 200 1s attached on the
second surface 10056 through the spacer layer 180.

According to the aforementioned embodiments, no matter
whether the sensing device comprises an FSI or a BSI
image-sensing element, one sensing device and one or more
than one integrated circuit devices can be mtegrated in the
same chip package. Therefore, the size of the electronic
products made using the chip package can be significantly
reduced.

An exemplary embodiment of a method for forming a
chip package according to the invention 1s 1illustrated in
FIGS. 1A to 1F, 1n which FIGS. 1A to 1F are cross-sectional
views of an exemplary embodiment of a method for forming
a chip package according to the invention.

Referring to FI1G. 1A, a first substrate 100 1s provided. The
first substrate 100 has a first surface 100q¢ and a second
surface 1006 opposite to the first surface 100q, and com-
prises a plurality of chip regions 120. In one embodiment,
the first substrate 100 may be a silicon substrate or another
semiconductor substrate. For example, the first substrate 100
may be a silicon wafer so as to facilitate the wafer-level
packaging process.

In the embodiment, the first substrate 100 1n each chip
region 120 comprises one or more conducting pads 140. The
conducting pads 140 may be adjacent to the first surface
100a. To simplily the diagram, only one chip region 120 of
the first substrate 100 and only two conducting pads 140
therein are depicted herein as an example. In the embodi-
ment, the conducting pad 140 may be a single conducting
layer or comprise multiple conducting layers, and only a
single conducting layer 1s depicted herein as an example.
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In the embodiment, the first substrate 100 1n each chip
region 120 further comprises a sensing device 160. The
sensing device 160 may be adjacent to the first surface 100a.
In one embodiment, the sensing device 160 comprises an
image-sensing element, such as a complementary metal-
oxide-semiconductor 1mage sensor (CIS) element. In
another embodiment, the sensing device 160 1s configured to
sense biometrics, and may comprise a fingerprint-recogni-
tion element. In yet another embodiment, the sensing device
160 1s configured to sense environmental characteristics, and
may comprise a temperature-sensing element, a humidity-
sensing element, a pressure-sensing element, a capacitance-
sensing element, or another suitable sensing element. In one
embodiment, the sensing element 1n the sensing device 160
may be electrically connected to the conducting pads 140
through an interconnection structure (not shown) in the first
substrate 100. To simplity the diagram, dotted lines 170 are
used herein to depict interconnection structures between the
sensing device 160 and the conducting pads 140.

An optical element 175 may be formed on the first surface
100a of the first substrate 100 by coating, exposing and
developing processes. The optical element 1735 corresponds
to the sensing device 160. The optical element 175 may
comprise filters and micro-lenses or another suitable optical
clement. Next, a cover plate 200 1s attached on the first
surface 100a of the first substrate 100 through a spacer layer
(or dam) 180. The spacer layer 180 covers the conducting
pads 140 and exposes the sensing device 160 and the optical
clement 175. In an embodiment, the spacer layer 180 does
not substantially absorb moisture. In an embodiment, the
spacer layer 180 may be non-adhesive, and the cover plate
200 1s attached on the first substrate 100 through the spacer
layer 180 and additional adhesive layer. In another embodi-
ment, the spacer layer 180 may be adhesive itself and may
contact none of adhesion glue, thereby assuring that the
spacer layer 180 will not move due to disposition of the
adhesion glue. Furthermore, since the adhesion glue i1s not
needed, the sensing device 160 can be prevented from being,
contaminated by the overtlow of the adhesion glue. In the
embodiment, the spacer layer 180 may comprise epoxy
resin, inorganic materials (such as silicon oxide, silicon
nitride, silicon oxynitride, metal oxide or a combination
thereot), organic polymer matenals (such as polyimide,
butylcyclobutene, parylene, polynaphthalenes, fluorocar-
bons or acrylates), a photoresist material or another suitable
insulating material. Moreover, the cover plate 200 may
comprise glass, sapphire or another suitable protective mate-
rial.

Referring to FIG. 1B, a thinning process, such as an
etching process, a milling process, a mechanical grinding
process or a chemical mechanical polishing process, using,
the cover plate 200 as a carrier substrate 1s performed on the
second surface 1005 of the first substrate 100. As a result, the
thickness of the first substrate 100 1s reduced.

Next, a plurality of first openings 220 may be formed 1n
the first substrate 100 1n each chip region 120 by lithography
and etching processes (the etching process may comprise a
dry etching process, a wet etching process, a plasma etching
process, a reactive 1on etching process, or another suitable
process). The openings 220 extend from the second surface
1005 of the first substrate 100 towards the first surface 1004,
and expose the corresponding conducting pads 140 adjacent
to the first surface 100aq.

Referring to FIG. 1C, an insulating layer 240 may be
conformally formed on the second surface 1006 of the first
substrate 100 by a deposition process (such as a coating
process, a physical vapor deposition process, a chemical
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vapor deposition process or another suitable process). The
insulating layer 240 extends into the first openings 220 1n the
first substrate 100. In the embodiment, the insulating layer
240 may comprise epoxy resin, imorganic materials (such as
s1licon oxide, silicon nitride, silicon oxynitride, metal oxide
or a combination thereotf), organic polymer materials (such
as polyimide, butylcyclobutene, parylene, polynaphtha-
lenes, fluorocarbons or acrylates) or another suitable 1nsu-
lating material.

Next, portions of the mnsulating layer 240 on the bottoms
of the first openings 220 are removed by lithography and
ctching processes (the etching process may comprise a dry
etching process, a wet etching process, a plasma etching
process, a reactive 1on etching process, or another suitable
process) so as to expose the surfaces of the conducting pads
140. A patterned redistribution layer 260 1s then formed on
the mnsulating layer 240 by a deposition process (such as a
coating process, a chemical vapor deposition process, a
physical vapor deposition process, an electroplating process,
an electroless plating process or another suitable process)
and lithography and etching processes.

The redistribution layer 260 conformally extends to the
sidewalls and the bottoms of the first openings 220. The
redistribution layer 260 1s electrically connected to the
conducting pads 140 by directly or indirectly contacting the
exposed conducting pads 140 through the first opemings 220.
The redistribution layer 260 1s electrically 1solated from the
first substrate 100 by the insulating layer 240. As a result, the
redistribution layer 260 in the first opening 220 1s also
referred to as a TSV. In one embodiment, the redistribution
layer 260 may comprise copper, aluminum, gold, platinum,
nickel, tin, a combination thereof, a conductive polymer
material, a conductive ceramic material (such as indium tin
oxide or mndium zinc oxide), or another suitable conductive
material.

In another embodiment, the first openings 220 may at
least penetrate the conducting pads 140, such that the
redistribution layer 260 may directly contact the inner of the
conducting pads 140. This redistribution layer 260 electri-
cally connected to the conducting pads 140 1s referred to as
a ring-contact.

Retferring to FIG. 1D, a second substrate 300 may be
attached onto the insulating layer 240 on the second surface
1005 through an adhesive layer, such as adhesive glue, 280.
In the embodiment, the second substrate 300 comprises an
integrated circuit device 310. Moreover, the mtegrated cir-
cuit device 310 may comprise a signal processor, such as an
image signal processor or another application-specific inte-
grated circuit.

In the embodiment, the second substrate 300 may com-
prise one or more conducting pads 320. The conducting pads
320 may be adjacent to the upper surface of the second
substrate 300. To simplify the diagram, only two conducting
pads 320 1n the second substrate 300 are depicted herein as
an example. In one embodiment, the conducting pads 320
may be a single conducting layer or comprise multiple
conducting layers. Only a single conducting layer 1is
depicted herein as an example. In one embodiment, the
conducting pads 320 may be electrically connected to the
integrated circuit element 1n the integrated circuit device 310
through an interconnection structure (as shown by dotted
lines 330) 1n the second substrate 300.

In the embodiment, the size of the first substrate 100 1s
greater than that of the second substrate 300. Moreover,
when the size of the first substrate 100 1s large enough, more
than one second substrate 300, each having different inte-
grated circuit functions, can be disposed on the second
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surface 10056 of the first substrate 100. In the embodiment,
the second substrate 300 completely vertically overlaps the
sensing device 160 of the first substrate 100. In other
embodiments, the second substrate 300 may partially verti-
cally overlap the sensing device 160 of the first substrate 100
or may not vertically overlap the sensing device 160 of the
first substrate 100.

Afterwards, a plurality of first conducting structures 340
may be formed on the corresponding conducting pads 320
and the corresponding redistribution layer 260 by a wire
bonding process. A plurality of second conducting structures
360 may be formed on the corresponding redistribution layer
260 by a wire bonding process. In one embodiment, the first
conducting structures 340 and the second conducting struc-
tures 360 are formed by the same wire bonding process. In
other embodiments, the first conducting structures 340 and
the second conducting structures 360 are individually
formed by separated wire bonding processes.

The first conducting structures 340 are electrically con-
nected to the sensing device 160 through the redistribution
layer 260 and the conducting pads 140, and are electrically
connected to the integrated circuit device 310 through the
conducting pads 320. Therefore, the first conducting struc-
tures 340 electrically connect the sensing device 160 to the
integrated circuit device 310. In one embodiment, each of
the first conducting structures 340 1s formed of a bonding
ball on the conducting pad 320 and a wire extending from
the bonding ball to the redistribution layer 260. Moreover,
the first conducting structures 340 may comprise gold or
another suitable conductive material.

The second conducting structures 360 are electrically
connected to the corresponding conducting pads 140
through the redistribution layer 260. In one embodiment,
cach of the second conducting structures 360 1s formed of a
bonding ball located on the redistribution layer 260. The
second conducting structures 360 may comprise gold or
another suitable conductive material. In one embodiment,
the material of the second conducting structures 360 1s the
same as the material of the first conducting structures 340.

Referring to FIG. 1E, an insulating layer 400 may be
formed on the second surface 1005 of the first substrate 100
by a molding process or a deposition process (such as a
coating process, a physical vapor deposition process, a
chemical vapor deposition process or another suitable pro-
cess) to cover the second substrate 300, the insulating layer
240, the redistribution layer 260, and the first conducting
structures 340. In the embodiment, the insulating layer 400
does not fill in the first openings 220 of the first substrate
100. In other embodiments, the insulating layer 400 may
partially or fully fill the first openings 220 of the first
substrate 100. In the embodiment, the 1msulating layer 400
may comprise epoxy resin, imorganic materials (such as
s1licon oxide, silicon nitride, silicon oxynitride, metal oxide
or a combination thereot), organic polymer materials (such
as polyimide, butylcyclobutene, parylene, polynaphtha-
lenes, fluorocarbons or acrylates) or another suitable insu-
lating matenal.

Next, a plurality of holes 420 may be formed in the
insulating layer 400 by a laser drilling process or lithography
and etching processes (the etching process may comprise a
dry etching process or a wet etching process). The holes 420
expose the corresponding second conducting structures 360.
Accordingly, the second conducting structures 360 are
located under the bottoms of the holes 420.

In these embodiments, the second conducting structures
360 on the redistribution layer 260 can be bufler layers
during the formation of the holes 420, such as during a laser

10

15

20

25

30

35

40

45

50

55

60

65

12

drilling process. As a result, the redistribution layer 260 1s
prevented from being damaged during the formation of the
holes 420 thereby improving reliability or quality of the chip
package. Moreover, since the second conducting structures
360 are formed on the redistribution layer 260, the depth of
the holes 420 1s reduced. Therefore, the aspect ratio (AR) of
the holes 420 can be reduced thereby facilitating the forma-
ion of the holes 420.

In another embodiment, as shown 1n FIGS. 3A and 3B,
alter the wire bonding process 1s performed, one or more
than one second conducting structures 360 may be located
on the corresponding conducting pad 320 and other second
conducting structures 360 may be located on the correspond-
ing redistribution layer 260. Therefore, one or more than one
second conducting structures 360 may be located on the
second substrate 300 and vertically overlap the second
substrate 300. The holes 420 are then formed in the insu-
lating layer 400 to expose the corresponding second con-
ducting structures 360, such that one or more than one holes
420 vertically overlap the corresponding conducting pad 320
and other holes 420 vertically overlap the corresponding
redistribution layer 260.

In other embodiments, all of the second conducting struc-
tures 360 may be formed on the corresponding conducting
pads 320. As a result, all of the second conducting structures
360 are located on the second substrate 300 and vertically
overlap the second substrate 300. Moreover, all of the holes
420 vertically overlap the corresponding conducting pads
320.

Referring to FIG. 1F, a patterned metal layer 440 may be
formed on the mnsulating layer 400 by a deposition process
(such as a coating process, a chemical vapor deposition
process, a physical vapor deposition process, an electroplat-
ing process, an electroless plating process or another suit-
able process) and lithography and etching processes. The
patterned metal layer 440 fills the holes 420 1n the insulating
layer 400 so as to be electrically connected to the exposed
second conducting structures 360 through the holes 420. In
the embodiment, the metal layer 440 fully fills the holes 420
in the insulating layer 400. In other embodiments, the metal
layer 440 may be conformally formed on the sidewalls and
the bottoms of the holes 420 without tully filling the holes
420 1n the insulating layer 400. In one embodiment, the
metal layer 440 may comprise copper, aluminum, gold,
platinum, nickel, tin, a combination thereof or another
suitable conductive material.

Next, a passivation layer 460 may be formed on the metal
layer 440 and the insulating layer 400 by a deposition
process (such as a coating process, a physical vapor depo-
sition process, a chemical vapor deposition process or
another suitable process). Then, a plurality of second open-
ings 480 may be formed in the passivation layer 460 1n each
chip region 120 by lithography and etching processes to
expose portions of the metal layer 440 on the insulating layer
400. In one embodiment, the passivation layer 460 may
comprise epoxy resin, solder mask, inorganic matenals
(such as silicon oxide, silicon nitride, silicon oxynitride,
metal oxide or a combination thereol), organic polymer
materials (such as polyimide, butylcyclobutene, parylene,
polynaphthalenes, fluorocarbons or acrylates), or another
suitable insulating material. In another embodiment, the
passivation layer 460 may comprise a photoresist material,
and the second openings 480 may be formed 1n the passi-
vation layer 460 by a lithography process.

Afterwards, a plurality of third conducting structures 500
1s formed in the corresponding second openings 480 of the
passivation layer 460. The third conducting structures 500
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directly contact the exposed metal layer 440 and are elec-
trically connected to the metal layer 440. In the embodiment,
cach of the third conducting structures 500 1s a bump, such
as a bonding ball or a conducting pillar, or may be another
suitable conducting structure. For example, solder may be
formed 1n the second openings 480 of the passivation layer
460 by a plating process, a screen printing process or another
suitable process. A reflow process 1s then performed and
solder balls are formed to be the third conducting structures
500. In the embodiment, the third conducting structure 500
may comprise tin, lead, copper, gold, nickel, a combination
thereol or another suitable conductive material.

In the embodiment, the second conducting structures 360
and the third conducting structures 500 are bonding balls
and the size of the third conducting structures 500 1s greater
than the size of the second conducting structures 360. In one
embodiment, the material of the third conducting structures
500 1s different from the material of the second conducting
structures 360. In one embodiment, the process for forming
the third conducting structures 500 1s different from the
process for forming the second conducting structures 360.
For example, the third conducting structures 300 are formed
by a reflow process while the second conducting structures
360 are formed by a wire bonding process.

According to the embodiment, the second conducting
structures 360 are formed of a matenal (such as gold) that 1s
able to be eutectic with the material of the redistribution
layer 260 (such as aluminum) and directly bonded thereto.
Therefore, the second conducting structures 360 can be
directly formed on the redistribution layer 260 without
performing surface treatments on the redistribution layer
260 (The surface treatments may comprise forming an
additional nickel layer between the redistribution layer 260
and the second conducting structures 360). Moreover, a wire
bonding process, rather than a reflow process, 1s used to
form the second conducting structures 360. As a result, the
fabrication process 1s simplified.

In one embodiment, the third conducting structures 500
do not overlap the second substrate 300, as shown 1n FIG. 2.
In another embodiment, the third conducting structures 500
may overlap the second substrate 300. In other embodi-
ments, the second bumps 500 may be arranged 1n an array
so as to provide stable bonding 1n the subsequent process. It
should be realized that the positions of the first conducting
structures 340, the second conducting structures 360, and the
third conducting structures 500 are determined by design
requirements and they are not limited thereto.

A protective layer (not shown), such as a tape, may be
formed on the passivation layer 460 and the third conducting
structures 500 to provide a flat surface and protect the third
conducting structures 500. A dicing process using the pro-
tective layer as a support 1s then performed along scribe-
lines (not shown) between the adjacent chip regions 120.
The cover plate 200, the first substrate 100 and the insulating
layer 400 are sequentially diced and the protective layer 1s
removed to form a plurality of independent chip packages.
In the embodiment, the cover plate 200 may be formed of a
transparent material, such as glass, sapphire or another
suitable transparent material thereby facilitating the dicing
process along a direction from the cover plate 200 towards
the first substrate 100. Therefore, the accuracy of alignment
1s enhanced.

In another embodiment, the cover plate 200 may be used
to provide a flat surface and the dicing process may be
directly performed along a direction from the first substrate
100 towards the cover plate 200 without forming the pro-
tective layer. In other embodiments, 1f the cover plate 200 1s
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formed of an easily scratched material (such as glass,
sapphire or another easily scratched matenal), a protective
layer (not shown), such as a tape, may be formed on the
cover plate 200. A dicing process using the protective layer
as a support 1s then performed along scribe-lines (not
shown) between the adjacent chip regions 120. The nsulat-
ing layer 400, the first substrate 100 and the cover plate 200
are sequentially diced and the protective layer 1s removed to
form a plurality of independent chip packages.

In the embodiment, a circuit board (not shown) may be
turther provided on the second surface 1006 of the first
substrate 100 of the independent chip package. The sensing,
device 160 1n the first substrate 100 and the integrated circuit
device 310 1n the second substrate 300 may be electrically
connected to the circuit board through the third conducting
structures 500. In the aforementioned embodiments, the
position and number of the second conducting structures 360
are determined by design requirements and they are not
limited. For example, in one embodiment, all of the second
conducting structures 360 are formed on the second sub-
strate 300. Therefore, signals or other output circuits (such
as power supply or ground) of the second substrate 300 are
directly output through the second conducting structures
360. Signals or other output circuits (such as power supply
or ground) of the first substrate 100 are output through the
first conducting structures 340, the second substrate 300, and
the second conducting structures 360. In another embodi-
ment, all of the second conducting structures 360 are formed
on the first substrate 100. Therefore, signals or other output
circuits of the first substrate 100 and the second substrate
300 are output through the second conducting structures
360. In other embodiments, some of the second conducting
structures 360 are formed on the first substrate 100 while
other second conducting structures 360 are formed on the
second substrate 300. Therefore, signals or other output
circuits of the second substrate 300 are directly output
through the second conducting structures 360 on the second
substrate 300. Signals or other output circuits of the first
substrate 100 can be optionally output through the first
conducting structures 340, the second substrate 300, and the
second conducting structures 360 on the second substrate
300 or directly through the second conducting structures 360
on the first substrate 100 without being output through the
second substrate 300.

According to the aforementioned embodiments, TSVs
(1.. the redistribution layer 260) form the external electrical
connection paths of the first substrate 100 having the sensing
device 160. Accordingly, the second substrate 300 can be
located on the second surface 1005 of the first substrate 100,
such that the sensing device 160 adjacent to the first surface
100a of the first substrate 100 can be prevented from being
covered. Moreover, the sensing device 160 in the first
substrate 100 can be electrically connected to the integrated
circuit device 310 in the second substrate 300 through the
first conducting structures formed by a wire bonding pro-
cess. Therefore, according to the embodiments, one sensing
device and one or more than one integrated circuit devices
can be 1ntegrated 1n the same chip package. As a result, the
size of the printed circuit board, which 1s subsequently
bonded to the chip package, can be reduced, thereby further
decreasing the size of the electronic products made using the
chip package having a sensing function. In addition, forming
chip packages by water-level packaging can produce mas-
sive chip packages, thereby significantly reducing the pro-
cessing cost and time.

Another exemplary embodiment of a method for forming
a chip package according to the mvention is illustrated 1n
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FIGS. 5A to SF, in which FIGS. 5A to 5F are cross-sectional
views ol another exemplary embodiment of a method for
forming a chip package according to the mnvention. Elements
in FIGS. 5A to SF that are the same as those 1n FIGS. 1A to
1F are labeled with the same reference numbers as i FIGS.
1A to 1F and are not described again for brevity.

Referring to FIG. 5A, a first substrate 100 1s provided. The
first substrate 100 has a first surface 100a and a second
surtace 1005 opposite to the first surface 100a. To simplily
the diagram, only one chip region 120 of the first substrate
100 and only two conducting pads 140 therein are depicted
herein as an example.

In the embodiment, the first substrate 100 1n each chip
region 120 further comprises a sensing device 160. The
sensing device 160 may be adjacent to the first surface 100a.
In one embodiment, the sensing element in the sensing
device 160 may be electrically connected to the conducting
pads 140 through an interconnection structure (not shown)
in the first substrate 100. To simplity the diagram, dotted
lines 170 are used herein to depict interconnection structures
between the sensing device 160 and the conducting pads
140.

A patterned redistribution layer 260 1s formed on the first
surface 100a of the first substrate 100 by a deposition
process (such as a coating process, a chemical vapor depo-
sition process, a physical vapor deposition process, an
clectroplating process, an electroless plating process or
another suitable process) and lithography and etching pro-
cesses. The redistribution layer 260 extends on the sensing
device 160. In the embodiment, the redistribution layer 260
1s electrically connected to the conducting pads 140 directly
or indirectly. The redistribution layer 260 1s electrically
1solated from the first substrate 100 by the dielectric material
in the interconnection structure. In other embodiments,
another dielectric material layer may be formed between the
redistribution layer 260 and the interconnection structure.

Referring to FIG. 5B, a second substrate 300 may be
attached onto the first substrate 100 through a plurality of
first conducting structures 340. The first conducting struc-
tures 340 are formed between the redistribution layer 260 on
the first surface 100 and conducting pads 320 of the second
substrate 300. Namely, the conducting pads 320 face the first
surface 100a of the first substrate 100. In the embodiment,
the sensing device 160 and the integrated circuit device 310
are electrically connected to each other through the con-
ducting pads 140, the redistribution layer 260, the first
conducting structures 340, and the conducting pads 340. In
the embodiment, each of the first conducting structures 340
1s a bump, such as a bonding ball or a conducting pillar, or
may be another suitable conducting structure. The first
conducting structures 340 may comprise copper, aluminum,
solder or another suitable conductive material. For example,
a photoresist layer having a predetermined pattern of the first
conducting structures 340 may be formed on the surface of
the second substrate 300 adjacent to the conducting pads
320. The atorementioned conductive material 1s deposited 1n
the pattern of the photoresist layer. The photoresist layer 1s
then removed and the first conducting structures 340 are
formed on the conducting pads 320 of the second substrate
300. Next, the second substrate 300 1s bonded to the redis-
tribution layer 260 by the first conducting structures 340.

In the embodiment, the size of the first substrate 100 is
greater than that of the second substrate 300. Moreover,
when the size of the first substrate 100 1s large enough, more
than one second substrate 300, each having different inte-
grated circuit functions, can be disposed on the second
surface 10056 of the first substrate 100. In the embodiment,
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the second substrate 300 completely vertically overlaps the
sensing device 160 of the first substrate 100. In other
embodiments, the second substrate 300 may partially verti-
cally overlap the sensing device 160 of the first substrate 100
or may not vertically overlap the sensing device 160 of the
first substrate 100.

Afterwards, a plurality of second conducting structures
360 may be formed on the redistribution layer 260 by a wire
bonding process. In one embodiment, the second conducting
structures 360 are formed of bonding balls located on the
redistribution layer 260. Moreover, the second conducting
structures 360 may comprise gold or another suitable con-
ductive material. In one embodiment, the material of the
second conducting structures 360 1s different from the
material of the first conducting structures 340. In one
embodiment, the size of the second conducting structures
360 1s greater than the size of the first conducting structures
340. In one embodiment, the process for forming the second
conducting structures 360 1s different from the process for
forming the first conducting structures 340. In the embodi-
ment, signals or other output circuits (such as power supply
or ground) of the first substrate 100 and the second substrate
300 are all output through the second conducting structures
360.

Referring to FIG. 5C, an insulating layer 400 may be
formed on the first surface 100a of the first substrate 100 by
a molding process or a deposition process (such as a coating
process, a physical vapor deposition process, a chemical
vapor deposition process or another suitable process) to
cover the second substrate 300, the redistribution layer 260,
and the second conducting structures 360. The insulating
layer 400 surrounds the first conducting structures 340
between the first substrate 100 and the second substrate 300.

Next, a thinming process, such as an etching process, a
milling process, a mechanical grinding process or a chemi-
cal mechanical polishing process, using the msulating layer
400 as a support 1s performed on the second surface 1005 of
the first substrate 100. As a result, the thickness of the first
substrate 100 1s reduced.

Retferring to FIG. 3D, an optical element 175 may be
formed on the second surface 1005 of the first substrate 100
by coating, exposing and developing process. Next, a cover
plate 200 1s attached on the second surface 1006 of the first
substrate 100 through a spacer layer 180. The spacer layer
180 exposes the optical element 175 corresponding to the
sensing device 160.

Referring to FIG. 5E, a plurality of holes 420 may be
formed 1n the msulating layer 400 by a laser drilling process
or lithography and etching processes (the etching process
may comprise a dry etching process or a wet etching
process). The holes 420 expose the corresponding second
conducting structures 360. Accordingly, the second conduct-
ing structures 360 are located under the bottoms of the holes
420. Next, a patterned metal layer 440 may be formed on the
insulating layer 400 by a deposition process (such as a
coating process, a chemical vapor deposition process, a
physical vapor deposition process, an electroplating process,
an electroless plating process or another suitable process)
and lithography and etching processes. The metal layer 440
fills the holes 420 in the nsulating layer 400 so as to be
clectrically connected to the exposed second conducting
structures 360 through the holes 420. In the embodiment, the
metal layer 440 tully fills the holes 420 in the insulating
layer 400. In other embodiments, the metal layer 440 may be
conformally formed on the sidewalls and the bottoms of the
holes 420 without fully filling the holes 420 1n the 1nsulating
layer 400.
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Referring to FIG. SF, a passivation layer 460 may be
formed on the metal layer 440 and the msulating layer 400
by a deposition process (such as a coating process, a
physical vapor deposition process, a chemical vapor depo-
sition process or another suitable process). Then, a plurality
of second openings 480 may be formed 1n the passivation
layer 460 1n each chip region 120 by lithography and etching
processes to expose portions of the metal layer 440 on the
insulating layer 400.

Afterwards, a plurality of third conducting structures 500
1s formed in the corresponding second openings 480 of the
passivation layer 460. The third conducting structures 500
directly contact the exposed metal layer 440 and are elec-
trically connected to the metal layer 440. In the embodiment,
cach of the third conducting structures 300 1s a bump, such
as a bonding ball or a conducting pillar, or may be another
suitable conducting structure. For example, solder may be
formed 1n the second openings 480 of the passivation layer
460 by a plating process, a screen printing process or another
suitable process. A reflow process 1s then performed and
solder balls are formed to be the third conducting structures
500. In the embodiment, the third conducting structure 500
may comprise tin, lead, copper, gold, nickel, a combination
thereol or another suitable conductive material.

In one embodiment, the first conducting structures 340,
the second conducting structures 360 and the third conduct-
ing structures 300 are balls. The size of the second conduct-
ing structures 360 1s less than the size of the third conducting
structures 500 and 1s greater than the size of the first
conducting structures 340. In one embodiment, the material
of the third conducting structures 500 1s different from the
material of the second conducting structures 360. In one
embodiment, the process for forming the third conducting
structures 500 1s different from the process for forming the
second conducting structures 360. For example, the third
conducting structures 500 are formed by a retflow process
while the second conducting structures 360 are formed by a
wire bonding process.

A dicing process 1s then performed along scribe-lines (not
shown) between the adjacent chip regions 120. The cover
plate 200, the first substrate 100 and the imnsulating layer 400
are diced to form a plurality of independent chip packages.
In the embodiment, a circuit board (not shown) may be
turther provided on the first surface 100a of the first sub-
strate 100 of the independent chip package. The sensing
device 160 1n the first substrate 100 and the integrated circuit
device 310 in the second substrate 300 may be electrically
connected to the circuit board through the third conducting
structures 500.

In addition, the embodiments of FIGS. 1A to 1F and
FIGS. 5A to 5F can be combined. For example, referring to
FIG. 6, a patterned redistribution layer 260 may be formed
on the first surface 100q of the first substrate 100 by the same
or similar steps shown 1n FIG. SA. This redistribution layer
260 does not extend on the sensing device 160.

Next, a second substrate 300 may be attached onto the
first surface 100a of the first substrate 100 through an
adhesive layer 280 by the same or similar steps shown 1n
FIG. 1D. A wire bonding process 1s performed, such that first
conducting structures 340 are formed on the corresponding
conducting pads 320 and redistribution layer 260, one or
more than one second conducting structures 360 are formed
on the corresponding conducting pads 320, and other second
conducting structures 360 are formed on the corresponding
redistribution layer 260.

Next, an msulating layer 400 may be formed on the first
surface 100a of the first substrate 100 by the same or similar
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steps shown 1n FIG. 3C. The 1nsulating layer 400 covers the
second substrate 300, the redistribution layer 260, the first
conducting structures 340 and the second conducting struc-
tures 360. Afterwards, a thinning process using the msulat-
ing layer 400 as a support 1s performed on the second surface
1005 of the first substrate 100.

An optical element 175 may be formed on the second
surface 1006 of the thinned first substrate 100 by the same
or stmilar steps shown in FIG. SD. A cover plate 200 1s then
attached on the second surface 1005 of the first substrate 100
through a spacer layer 180.

Afterwards, a plurality of holes 420 may be formed 1n the
insulating layer 400 by the same or similar steps shown 1n
FIG. 1E or FIG. 5E so as to expose the corresponding second
conducting structures 360.

In these embodiments, the second conducting structures
360 on the conducting pads 320 and the redistribution layer
260 can be bufler layers during the formation of the holes
420, such as during a laser drilling process. Moreover, since
one or more than one second conducting structures 360 are
formed on the corresponding conducting pads 320, rather
than the redistribution layer 260, the aspect ratio of the holes
420 can be reduced thereby facilitating the formation of the
holes 420.

In other embodiments, all of the second conducting struc-
tures 360 may be formed on the corresponding conducting
pads 320 or redistribution layer 260. All of the subsequently
formed holes 420 vertically overlap the corresponding con-
ducting pads 320 or redistribution layer 260.

Next, a patterned metal layer 440 may be formed on the
insulating layer 400 by similar steps shown in FIG. 1F or
FIG. 5E. The metal layer 440 fills the holes 420 in the
insulating layer 400. A passivation layer 460 may be formed
on the metal layer 440 and the mnsulating layer 400 and a
plurality of second openings 480 may be formed in the
passivation layer 460 by similar steps shown 1n FIG. 1F or
FIG. 5F. Afterwards, third conducting structures 500 are
correspondingly formed 1n the second openings 480 of the
passivation layer 460. A dicing process 1s then performed
along scribe-lines (not shown) between the adjacent chip
regions 120 to form a plurality of independent chip pack-
ages. Therefore, the chip package shown in FIG. 6 1s
tabricated.

While the mvention has been described by way of
example and 1n terms of the preferred embodiments, 1t 1s to
be understood that the invention 1s not limited to the
disclosed embodiments. On the contrary, 1t 1s mntended to
cover various modifications and similar arrangements (as
would be apparent to those skilled 1n the art). Theretfore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What 1s claimed 1s:

1. A chip package, comprising:

a 1irst substrate comprising a sensing device, wherein the
first substrate has a first opening, a first surface and a
second surface opposite to the first surface;

a second substrate attached onto the first substrate,
wherein the second substrate comprises an integrated
circuit device;

a first conducting structure electrically connected to the
sensing device and the integrated circuit device through
a redistribution layer disposed on the first substrate;

an insulating layer covering the first substrate, the second
substrate and the redistribution layer, wherein the insu-
lating layer has a hole therein; and
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a second conducting structure disposed under a bottom of
the hole, and the second conducting structure 1s on the
redistribution layer and 1n direct contact with the redis-
tribution layer, wherein the redistribution layer contor-
mally extends to sidewalls and a bottom of the first
opening, and the first conducting structure and the
second conducting structure are on the second surface
and on opposite sides of the first opening.

2. The chip package as claimed 1n claim 1, wherein a size

of the first substrate 1s greater than that of the second
substrate.

3. The chip package as claimed in claim 1, wherein the
sensing device 1s adjacent to the first surface, and the second
substrate 1s attached to the second surface, and wherein the
first substrate further comprises:

a conducting pad adjacent to the first surface, wherein the
first opening extends from the second surface toward
the first surface and exposes the conducting pad.

4. The chip package as claimed in claim 3, wherein the
redistribution layer 1s disposed on the second surface of the
first substrate and is electrically connected to the exposed
conducting pad through the first opening.

5. The chip package as claimed 1n claim 4, wherein a
material of the second conducting structure i1s the same as
that of the first conducting structure.

6. The chip package as claimed in claam 1, further
comprising:

a metal layer disposed on the insulating layer and elec-
trically connected to the second conducting structure
through the hole; and

a third conducting structure electrically connected to the
metal layer on the msulating layer.

7. The chip package as claimed 1n claim 6, wherein a
material of the third conducting structure 1s different from
that of the second conducting structure.

8. The chip package as claimed in claim 6, wherein the
second conducting structure and the third conducting struc-
ture are bonding balls.

9. The chip package as claimed 1n claim 8, wherein a size
of the third conducting structure 1s greater than that of the
second conducting structure.

10. The chip package as claimed in claim 1, wherein the
integrated circuit device comprises a signal processor.

11. The chip package as claimed in claim 1, wherein the
first conducting structure 1s disposed on the second substrate
and extends onto the redistribution layer, and wherein the
second conducting structure 1s disposed on the first sub-
strate.

12. The chip package as claimed in claim 1, wherein the
first conducting structure 1s disposed on the second substrate
and extends onto the redistribution layer, and wheremn a
fourth conducting structure 1s disposed on the second sub-
strate.

13. The chip package as claimed in claim 1, wherein the
first conducting structure 1s disposed between the first sub-
strate and the second substrate, and wherein the second
conducting structure 1s disposed on the first substrate.

14. The chip package as claimed in claim 1, wherein the
sensing device 1s adjacent to the first surface, and the second
substrate 1s attached to the second surface, and wherein the
first substrate further comprises a conducting pad adjacent to
the first surface.

15. The chip package as claimed 1n claim 14, wherein the
redistribution layer 1s disposed on the second surface of the
first substrate and 1s electrically connected to the conducting
pad.
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16. The chip package as claimed in claim 1, wherein a
material of the second conducting structure 1s different from
that of the first conducting structure.
17. The chip package as claimed 1n claim 16, wherein a
s1ze of the second conducting structure 1s greater than that of
the first conducting structure.
18. A method for forming a chip package, comprising:
providing a {irst substrate, wherein the {first substrate
comprises a sensing device and has a first surface and
a second surface opposite to the first surface;

attaching a second substrate onto the first substrate,
wherein the second substrate comprises an integrated
circuit device;

forming a first opening in the first substrate;

forming a first conducting structure electrically connected

to the sensing device and the integrated circuit device
through a redistribution layer located on the first sub-
strate, wherein the redistribution layer conformally
extends to sidewalls and a bottom of the first opening;
and

forming a second conducting structure and an 1nsulating,

layer, wherein the insulating layer covers the first
substrate, the second substrate and the redistribution
layer, and the insulating layer has a hole therein, and
wherein the second conducting structure 1s located
under a bottom of the hole, and the second conducting
structure 1s on the redistribution layer and in direct
contact with the redistribution layer, and the first con-
ducting structure and the second conducting structure
are on the second surface and on opposite sides of the
first opening.

19. The method as claimed 1n claim 18, wherein a size of
the first substrate 1s greater than that of the second substrate.

20. The method as claimed 1n claim 18, wherein the
sensing device 1s adjacent to the first surface, and the second
substrate 1s attached to the second surface, and wherein the
first substrate further comprises a conducting pad adjacent to
the first surface, and wherein the first opening extends from
the second surface toward the first surface and exposes the
conducting pad, and wherein the redistribution layer 1is
located on the second surface of the first substrate and 1s
clectrically connected to the exposed conducting pad
through the first opening.

21. The method as claimed 1n claim 20, wherein a material
of the second conducting structure 1s the same as that of the
first conducting structure.

22. The method as claimed in claim 18, further compris-
ng:

forming a metal layer on the msulating layer, wherein the

metal layer 1s electrically connected to the second
conducting structure through the hole; and

forming a third conducting structure on the metal layer on

the mnsulating layer.

23. The method as claimed 1n claim 22, wherein a material
of the third conducting structure 1s difierent from that of the
second conducting structure.

24. The method as claimed 1n claim 22, wherein the
second conducting structure and the third conducting struc-
ture are bonding balls.

25. The method as claimed 1n claim 24, wherein a size of
the third conducting structure 1s greater than that of the
second conducting structure.

26. The method as claimed 1n claim 22, wherein a process
for forming the third conducting structure 1s different from
that for forming the second conducting structure.

27. The method as claimed in claam 18, wherein the
integrated circuit device comprises a signal processor.
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28. The method as claimed 1n claim 18, wherein the first
conducting structure 1s formed on the second substrate and
extends onto the redistribution layer, and wherein the second
conducting structure 1s formed on the first substrate.

29. The method as claimed 1n claim 18, wherein the first
conducting structure 1s formed on the second substrate and
extends onto the redistribution layer, and wherein a fourth
conducting structure 1s formed on the second substrate.

30. The method as claimed 1n claim 18, wherein the first
conducting structure 1s formed between the first substrate
and the second substrate, and wherein the second conducting
structure 1s formed on the first substrate.

31. The method as claimed in claim 18, wherein the
sensing device 1s adjacent to the first surface, and the second
substrate 1s attached to the second surface, and wherein the
first substrate further comprises a conducting pad adjacent to
the first surface, and the redistribution layer 1s located on the
second surface of the first substrate and i1s electrically
connected to the conducting pad.

32. The method as claimed 1n claim 18, wherein a material
of the second conducting structure 1s different from that of
the first conducting structure.

33. The method as claimed in claim 32, wherein a size of
the second conducting structure i1s greater than that of the
first conducting structure.

34. The method as claimed 1n claim 18, wherein a process
for forming the second conducting structure 1s different from
that for forming the first conducting structure.
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